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ess: whanpyng@cgmh.oSummary Interferon (IFN)-g expression is altered in pulmonary lesions, such as
cavities and granulomas. However, the exact association between patterns on chest
radiography and IFN-g responses are unclear. The purpose of this study was to
determine the IFN-g response in patients with tuberculosis and to correlate the
pulmonary lesions with the IFN-g responses. We enrolled 78 patients with
tuberculosis, as diagnosed with initial positive results for acid-fast bacilli in the
sputum and final positive cultures for Mycobacterium tuberculosis. Cell cultures of
stimulated peripheral blood mononuclear cells were performed. The supernatants
were analyzed for the IFN-g response and the results statistically analyzed. The
patients’ chest radiographs were examined for fibronodules, masses, pleural
effusion, cavities, and the severity of parenchymal involvement. IFN-g responses
were lower in patients with cavities on chest radiography than in those without
cavities (403.3067397.048 vs 698.1547593.436 pg/ml, Po0:05). IFN-g responses
were also lower in patients with masses on chest radiography than in those without
masses (186.3457200.724 vs 583.9507528.295 pg/ml, Po0:05). After regression
analysis, the presence of a cavity was the only factor predictive of a decreased IFN-g
response. We conclude that only chest radiographic pattern correlated with the IFN-
g response was cavity formation. The administration of pharmacological IFN-g in
tuberculosis patients with cavity may be considered.
& 2006 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Mycobacterium tuberculosis (M. tuberculosis) in-
fection produces numerous clinical manifestations
and chest radiographic patterns, such as nodules,
infiltration, pleural effusion, and even cavitation.1
The disease also results in a complex immune
interaction between the host and the pathogen. An
effective cell-mediated immune response to eradi-
cate M. tuberculosis is crucial because the infec-
tion typically damages pulmonary tissue and limits
airflow. Macrophage activation aided by combined
cytokines, including interferon (IFN)-g, is a primary
mechanism to kill M. tuberculosis.2
In the early stages of M. tuberculosis infection,
macrophages, in cooperation with cytokines such as
IFN-g and tumor necrosis factor, are the first line of
defense against pathogens. In the later stages,
defense depends on CD4+ T cell-mediated immunity
by means of granuloma formation.3 Defective IFN-g
production in stimulated peripheral blood of
patients with active tuberculosis was reported
since 1986.4 The defective production was reversed
after anti-tuberculosis chemotherapy and data also
showed IFN-g response that occurred locally in the
lung might affect presentation in pulmonary tuber-
culosis.5 In recent years, a few groups have
investigated the relationship between cytokines
and patterns on chest radiography.6–8 Differences in
IFN-g responses have been compared in terms of
the presence of a radiographic cavity, different
severities of involvement, and various classifica-
tions. However, previous classifications of the
radiographic patterns might have been imprecise
because investigators analyzed the affected par-
enchyma in combination with the cavity.
The purpose of this study was to examine the
association between IFN-g responses and chest
radiographic patterns in patients with tuberculosis.Materials and methods
Enrollment of subjects
Between December 2003 and November 2004, we
recruited 78 consecutive patients who had been
admitted to Chang Gung Memorial Hospital, Kee-
lung, Taiwan, ROC, with open pulmonary tubercu-
losis. Patients had initial positive results for acid-
fast bacilli in sputum samples. Final cultures for M.
tuberculosis obtained after 6 weeks were positive.
Patients with malignancy were excluded. All sub-
jects provided informed consent. This study was
approved by our institutional review board.Isolation of peripheral blood mononuclear
cells and cell culture
Within 1 week of chemotherapy, a 10-ml sample of
whole blood was obtained from each subject at 8
o’clock in the morning and immediately mixed with
heparin. Peripheral blood mononuclear cells were
isolated by means of differential centrifugation
over a density gradient (Ficoll-Plaque; Amersham
Biosciences, Uppsala, Sweden) within 2 h of collec-
tion. A total of 5 105 peripheral blood mono-
nuclear cells were plated in flat-bottomed, 24-well
plates (Nunclon, Aarhus, Denmark) in 1ml of sterile
tissue-culture medium (RPMI 1640; Gibco, Grand
Island, NY, USA) containing 10% heat-inactivated
bovine serum and 1mM of sodium pyruvate (Gibco).
Cultures were stimulated with final concentrations
of phytohemagglutinin 0 and 5 mg/ml (Sigma, St.
Louis, MO, USA). The plates were incubated at 37 1C
in 5% CO2 for 68 h. The supernatants were collected
from the wells and stored at 80 1C.
Measurement of IFN-c
IFN-g concentrations in the supernatants were
measured by using a human IFN-g enzyme-linked
immunosorbent assay kit (Pierce Biotechnology,
Rockford, IL, USA) according to the manufacturer’s
instructions. IFN-g responses were measured as the
difference in levels with and in levels without
stimulation.
Review of chest radiographic patterns
Two investigators reviewed the patient’s chest
radiographs within 1 week after acid-fast bacilli
were identified in sputum samples. The reading was
done in consensus. The images was examined for
fibronodules, masses, pleural effusions, and cav-
ities, as well as for the severity parenchyma
involvement.9 A fibronodule was defined as a
rounded opacity with fibrotic change; at minimum,
it had to be moderately well defined and no larger
than 3 cm in diameter. A mass was defined as a
nodule larger than 3 cm in diameter. Affected
parenchyma was defined as an abnormal area with
a fibronodule, mass, cavity, and/or infiltrate.
Parenchymal involvement of less than 30% of the
lung was classified as limited, whereas involvement
of more than 30% was classified as extensive.
Statistical analysis
Statistical analysis was performed by using soft-
ware (Statistical Package for the Social Sciences
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Chicago, IL, USA). IFN-g responses and patients’
ages are shown as the mean7standard deviation.
An independent-samples t-test was used to com-
pare differences in IFN-g responses between cate-
gorical variables. The Pearson correlation
coefficient (r) was obtained for continuous vari-
ables. An univariate general linear model was used
to identify independent predictors of the IFN-g
response. Chest radiographic pattern, sex, and age
served as the independent variables. A P-value of
less than 0.05 was considered to indicate a
statistically significant difference.Results
Table 1 presents the patients’ demographic data.
The IFN-g response was strongly correlated with a
finding of a mass or cavity on chest radiography
(Table 2). IFN-g responses were decreased in
patients whose images showed a mass or cavity
but did not differ between patients with and those
without a fibronodule or pleural effusion. Likewise,
IFN-g response did not differ with sex or parench-
ymal involvement. Age was not associated with the
IFN-g response. After regression analysis, the
presence of a cavity was the only factor predictive
of a decreased IFN-g response.Discussion
Chest radiographic patterns were correlated with
the IFN-g response. IFN-g responses were poorer inTable 1 Demographic data of 78 patients with
tuberculosis.
Characteristic Value
Age (years) 63.0719.9
Sex
Male 58
Female 20
Chest radiographic pattern
Fibronodule 37 (47.4)
Mass 8 (10.3)
Pleural effusion 19 (24.4)
Cavity 41 (52.6)
Parenchymal involvement
Extensive 33 (42.3)
Limited 45 (57.7)
Data are the mean7standard deviation or the number
(percentage).patients with tuberculosis and a cavity on chest
radiography than in patients with tuberculosis but
no cavity. After regression analysis, this cavity was
the only independent variable for the in vitro IFN-g
response. Condos’s preliminary study in 1997
suggested aerosol IFN-g might be useful treatment
for patients with multidrug-resistant tuberculo-
sis.10 Since IFN-g response was lower in tuberculosis
patients with cavity, therapy with pharmacological
IFN-g in tuberculosis patients with cavity should be
considered. More investigations are needed to
confirm this.
Animal models have shown that the IFN-g
response is critical for an effective host defense
against M. tuberculosis.11 A poor IFN-g response
from T cells may result in difficulty in eradicating
M. tuberculosis, which leads to cavity formation, as
shown on chest radiography. The American Thoracic
Society recommends prolonged treatment for pa-
tients whose chest radiograph shows a cavity and
whose cultures are positive at the completion of 2
months of therapy,12 because data from the
Tuberculosis Trials Consortium showed that a cavity
on the initial chest radiography was an independent
risk factor for relapse.13 Our result might explain
the mechanism for the increased tuberculosis
relapse rate in patients with a cavity on their
initial chest radiograph.
Granulomas pathologically manifest as fibrono-
dules or masses on chest radiographs of patients
with tuberculosis. In animal models, cells contain-
ing IFN-g mRNA were abundant in granulomatous
lesions but rare in nongranulomatous regions of
lung tissue.14 A human study similarly demon-
strated IFN-g mRNA in granulomas.15 IFN-g is critical
for granuloma formation. If the macrophages fail to
kill M. tuberculosis, antigens diffuse from the
macrophages, increasing the influx of peripheral
blood monocytes to the infectious lesion and
enlarging the granuloma. In this study, IFN-g
responses were lower in patients with masses than
in those without mass, as observed on independent-
samples t-tests. This result suggested that the
ability to produce IFN-g affects the size of the
granuloma. After regression analysis, the signifi-
cance of a mass as a predictor for IFN-g response
disappeared. Therefore, compared with a cavity on
chest radiography, the effect of mass formation on
decreased IFN-g response was meaningless.
Previous studies have shown opposite findings in
the association between IFN-g response and age in
healthy subjects.16,17 Our data showed that age
was not a significant factor for the degree of IFN-g
response in pulmonary tuberculosis. Additional
studies are required to verify this result. In
addition, previous researchers reported that the
ARTICLE IN PRESS
Table 2 Lineal regression of the IFN-g response to identify independent predictors in clinical variables.
Variable Interferon-g response (pg/ml) or r value 95% confidence interval P-value
Lower Upper
Sex 109.686 452.764 0.228
Male 550.1817540.884
Female 522.8377458.136
Fibronodule 211.498 272.010 0.804
Yes 508.8337497.954
No 574.1577540.026
Mass 697.994 50.776 0.089
Yes 186.3457200.724y
No 583.9507528.295
Pleural effusion 409.803 181.989 0.445
Yes 450.1617399.587
No 573.1227550.600
Cavity 520.805 59.501 0.014
Yes 403.3067397.048z
No 698.1547593.436
Parenchymal involvement 368.506 162.456 0.442
Limited 617.6107575.339
Extensive 441.6617415.354
Age 0.202 0.238 11.438 0.06
Data are the mean7standard deviation (in picograms per milliliter) for categorical variables or the Pearson correlation
coefficient (r) value for continuous variables.
yPo0.05 compared with no mass.
zPo0.05 compared with no cavity.
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associated with the IFN-g response,18,19 but in the
study samples were small (fewer than 25 patients),
and the investigators did not differentiate between
the cavity and affected lung. Sodhi et al.8 included
63 patients with tuberculosis but not human
immunodeficiency viral infection and found that
the IFN-g response was unrelated to the presence of
a cavity and instead correlated with the extent of
disease. After we adjusted for chest radiographic
patterns, the IFN-g response was correlated with a
cavity but not with affected parenchyma. We
cannot explain the opposite results; however, the
studies had different procedures. For example,
Sodhi et al. used heated-killed M. tuberculosis
Erdmann, whereas we did not. Another difference
was in classifying the extent of disease. Sodhi et al.
included cavities and affected lung together,
whereas we considered them separately. More
investigations are needed to elucidate the differ-
ence in IFN-g production from peripheral blood
mononuclear cells between chest radiographic
patterns and specific and nonspecific antigens.
This study had two limitations. First, the ratio of
CD4+ cells to CD8+ cells was not evaluated. Second,high-resolution computed tomographic scans were
available in only a few patients. Fibronodules or
small cavities might have been missed on plain
chest radiographs. Therefore, we enrolled a rela-
tively large group (78 patients) in this study to
increase its statistical power.
In conclusion, chest radiographic patterns could
be used to categorize the in vitro expression of
IFN-g. The T cells of patients with cavitary
pulmonary tuberculosis produced low levels of
IFN-g. Our findings also help the investigation of
aerosol IFN-g to be an adjuvant to conventional
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